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is a unique opioid with pharmacologic properties that may be advantageous in the setting of cardiac surgery. When administered at larger doses (20 to 30 mg), the duration of analgesia is ≈24 to 36 h. 11, 12 Therefore, a single administration at induction of anesthesia may provide stable analgesia throughout the ICU admission (which corresponds to the time of highest reported pain scores). When used at doses of 0.2 to 0.3 mg/kg, methadone has not been associated with a higher incidence of opioid-related adverse events (compared with shorter-acting opioids). 11, [13] [14] [15] [16] In an animal model, methadone has potent cardioprotective properties, with a maximal opioid-induced myocardial salvage effect observed at a dose of 0.3 mg/kg. 17 Finally, chronic postoperative pain has been reported in 30 to 40% of patients in the first year after cardiac surgery. 5, 18 Methadone may reduce the development of chronic pain by more effectively controlling acute pain after surgery, as well as by acting as an antagonist at the N-methyl-D-aspartate (NMDA) receptor. 19 The primary aim of this randomized, double-blind clinical trial was to determine the effects of methadone on analgesic requirements and pain scores after cardiac surgery with CPB, compared with patients administered standard doses of fentanyl. In addition, the effects of methadone on patient satisfaction scores, markers of myocardial injury, hemodynamic parameters, postoperative intubation times, and other measures of clinical recovery were determined. Our joint primary hypothesis was that patients administered intraoperative methadone would have both decreased morphine requirements in the first 24 h after cardiac surgery and improved pain scores at 12 h after extubation when compared with patients administered standard intraoperative doses of fentanyl. Our secondary hypothesis was that patients administered methadone would be more satisfied with their pain management in the first 24 h after surgery than those administered fentanyl.
Materials and Methods

Study Population and Perioperative Management
This clinical trial was approved by the NorthShore University HealthSystem Institutional Review Board (USA), and written informed consent was obtained from all patients. The study was conducted at a single tertiary medical center (NorthShore University HealthSystem) affiliated with the University of Chicago Pritzker School of Medicine and registered at ClinicalTrials.gov (NCT01542645, principle investigator Glenn Murphy, registered 2/26/2012). Participants were recruited by reviewing operating room schedules and contact by telephone on the day before surgery. Patients presenting for elective cardiac surgery (coronary artery bypass graft [CABG] surgery, valve surgery, combined CABG/valve procedures, or atrial septal defect repair) with CPB and anticipated extubation within 12 h of surgery were enrolled. Exclusion criteria included as follows: preoperative renal failure requiring dialysis or serum creatinine greater than 2.0; significant hepatic dysfunction (liver function tests more than twice the upper limit of normal), ejection fraction less than 30%, pulmonary disease necessitating home oxygen therapy, preoperative requirement for inotopic agents or intraaortic balloon pump to maintain hemodynamic stability, emergency surgery, allergy to methadone or fentanyl, or use of preoperative opioids or recent history of opioid abuse. Patients were randomized to receive either methadone (methadone group) or fentanyl (fentanyl group) using a computer-generated randomization code; block randomization was not used. The operating room pharmacy was provided with the randomization assignment, and the study opioid was prepared in sequentially numbered, identicalappearing clear plastic bags. Either 0.3 mg/kg of methadone (maximum dose of 30 mg) or 12 μg/kg of fentanyl (maximum dose of 1200 μg) was added to 100-ml bags of normal saline (total volume 100 ml). Doses selected reflected usual intraoperative regimens that would allow for early tracheal extubation; these doses have also been demonstrated to be approximately equipotent. 20, 21 All care providers and research team members were blinded to group assignment throughout the perioperative period.
Patients received 2 mg of midazolam before transport to the operating room. Monitoring consisted of a radial and pulmonary artery catheter, transesophageal echocardiography, a five-lead electrocardiogram, pulse oximetry, capnography, Bispectral Index monitoring (BIS ® system; Aspect Medical Systems, USA), and cerebral oximetry (Fore-Sight ® ; CAS Medical Systems, USA). Anesthesia was induced with midazolam (2 to 4 mg), propofol titrated to loss of consciousness (20 to 100 mg), and rocuronium (0.6 to 0.8 mg/kg). At induction, one half of the study opioid (either 0.15 mg/kg of methadone or 6 μg/kg of fentanyl) was administered via an infusion pump over 5 min. The remainder of the study opioid (0.15 mg/kg of methadone or 6 μg/kg of fentanyl) was infused over the next 2 h. Maintenance of anesthesia consisted of sevoflurane 0.4 to 3.0%, which was titrated to Bispectral Index values of 40 to 60 and to mean arterial pressures (MAPs) within 20% of baseline values. Rocuronium was administered to maintain a train-of-four count less than two. Hypotension was treated with phenylephrine (80 μg), ephedrine (5 to 10 mg), or a fluid bolus, as clinically indicated. Hypertension was treated by increasing the concentration of sevoflurane, with nitroglycerin boluses (50 μg) used if MAP remained increased. 5-mg midazolam was administered during rewarming. Inotropic agents were used during separation from CPB when the cardiac index was less than 2.0 l·min −1 ·m −2 or if significant systolic dysfunction was noted on transesophageal echocardiography (dobutamine as a first-line agent, with epinephrine and milrinone used as second-line drugs). Aminocaproic acid (5-g load before skin incision, 5 g added to the pump prime, and an infusion of 1 g/h) was administered in all patients. No steroids or antiemetic agents were given perioperatively. An infusion of propofol (10 to 50 μg·kg −1 ·min −1 ) was initiated at sternal closure and continued until ventilatory weaning in the ICU.
A median sternotomy approach was used in all subjects. In CABG patients, a left internal thoracic artery and saphenous veins were used as conduits. Mean pressures of 50 to 70 mmHg and blood flows of 2.4 to 2.8 l·min −1 ·m −2 were maintained during mild to moderate hypothermic (30° to 34°C) bypass. Isoflurane was titrated to mean systemic pressure goals and Bispectral Index values of 40 to 60 (clinicians instructed to maintain values within this range). Hematocrits were kept above 21% on CPB and above 27% postoperatively. All patients were warmed to a bladder temperature of 37°C before separation from CPB. Anticoagulation was reversed with protamine sulfate, given at a ratio of 1 mg/100 U of heparin.
Patients were assessed for pain by nurses in the ICU after the propofol infusion was discontinued and then every 2 h during the admission. 2-mg morphine was administered to patients if pain of more than mild severity was noted, with additional doses given until the patient was comfortable (verbal pain score <3 on a 0 to 10 rating scale [0 = no pain, 10 = worst pain imaginable]). Patients were typically transitioned to oral pain medication near the time of transfer to the surgical wards. Oral pain medication consisted of one 10-mg hydrocodone, 325-mg acetaminophen tablet for mild pain and two tablets for moderate pain. On the surgical ward, patients were evaluated every 4 to 6 h for pain by ward nurses, and morphine or oral pain medication was provided as needed. Postoperative analgesics were administered until the patients stated that they were comfortable and required no further pain medication. Aspirin (81 mg) was started on postoperative day 1 and continued throughout the hospitalization. Tracheal extubation, ICU discharge, and hospital discharge were accomplished when standard criteria were met (appendix).
Data Collection
All data were collected by research team members and nurses blinded to group assignment. Hemodynamic data (heart rate, MAP, mean pulmonary artery pressure, central venous pressure, systemic vascular resistance index, cardiac index, and stroke volume index) were measured at seven time periods (10 and 30 min post induction; 30 and 60 min post CPB, ICU arrival; and 4 and 8 h post ICU arrival). These measurements were recorded on a data collection sheet, as was information related to transfusions, arrhythmias, inotropic drug use, arterial blood gas analysis, and tracheal extubation. Fifteen minutes after tracheal extubation, patients were asked to quantify severity of pain using an 11-point verbal rating scale, where 0 = no pain and 10 = worst pain imaginable. Patients quantified pain intensity at rest and with coughing. The level of sedation was measured using a 4-point scale (0 = fully awake, 1 = mildly sedated [seldom drowsy and easy to awake], 2 = moderately sedated [often drowsy and easy to awake], 3 = severely sedated [somnolent and difficult to awake]). Episodes of nausea and vomiting were assessed, as were drugs used to treat nausea and vomiting. Any itching noted by the patient was recorded. Episodes of hypoventilation (respiratory rate <8) or hypoxemia (peripheral oxygen saturation <90% on pulse oximeter) observed by the nursing staff were noted. Heart rate, MAP, and peripheral oxygen saturation values were recorded at the time of pain assessment. At this same time, patients were asked to evaluate overall satisfaction with pain management on a 101point verbal analogue scale (0 = worst possible, 100 = best possible). These same pain, sedation, nausea, vomiting, itching, ventilatory, hemodynamic, and satisfaction assessments were conducted 2, 4, 8, 12, 24, 48, and 72 h after tracheal extubation. Daily and total doses of intravenous morphine and oral 10-mg hydrocodone, 325-mg acetaminophen tablets were prospectively recorded by the nursing staff and confirmed by the research team. Whether a patient required no morphine treatment or high-dose morphine treatment (defined as ≥20 mg) during the first 24 h in the ICU was recorded.
The times from ICU admission to ventilatory weaning was initiated and tracheal extubation was achieved were recorded, as was the duration of the ICU stay. The times from ICU admission until first flatus and bowel movement were also noted. Postoperative complications were categorized as respiratory, cardiac, neurologic, renal, or infective (see appendix for specific definitions). These events were determined by the surgical service and recorded by the research team. Patient demographic data and medication lists were collected from electronic anesthesia and surgical records. The duration of hospitalization was determined in both study cohorts.
The potential cardioprotective effects of methadone were assessed by measuring serum troponin I values (marker of myocardial injury) and B-type natriuretic peptide concentrations (marker of myocardial function) in the cohort of patients undergoing only CABG procedures. Myocardial function was further evaluated by calculating cardiac and stroke volume index in the operating room and ICU. Blood samples for biochemical markers were obtained at four times: after induction of anesthesia (baseline); on arrival to the ICU; and 12 and 24 h from baseline measurements. Samples were immediately centrifuged and processed. Troponin I was measured using an immunoassay method (Beckman Coulter, USA). The limit of quantification of Troponin I was 0.03 ng/ml. Plasma B-type natriuretic peptide concentrations were also determined using an immunoassay technique (Biosite Diagnostics, USA).
Statistics
The variables of the joint primary hypothesis, decreased morphine requirements in the first 24 h after cardiac surgery and improved pain scores at 12 h after extubation, are summarized as median and interquartile range. These variables were compared between the randomized groups using the Mann-Whitney U test and median differences and their 99% CIs were calculated (StatsDirect, United Kingdom). When testing the joint hypothesis, superiority was assessed using one-tailed tests, with the criterion for rejection of the null hypothesis P < 0.025 without adjustment for multiple testing because intraoperative methadone administration was considered to be superior to intraoperative fentanyl administration if it both decreased PAIN MedICINe morphine requirements in the first 24 h after cardiac surgery and improved pain scores at 12 h after extubation.
In estimating the sample size needed to test our joint primary hypothesis, the criterion for rejection of the entire joint hypothesis was 0.025. A sample size of 52 patients per group gave 80% power at the 0.025 significance level to detect a clinically significant 30% reduction in morphine consumption in patients given methadone, assuming a mean of 10.7 mg in the control (i.e., fentanyl) group 22 and SDs of about 6 in each group using a one-tailed Mann-Whitney test. We also had 80% power to detect a clinically significant 20% reduction in pain score, assuming a mean of 4.9 in the control group 22 and SD of about 1.9 for each group and with a significance level of 0.025 using a one-tailed Mann-Whitney test. We enrolled an additional 30 patients per group to ensure complete collection of data (including survey data on chronic postoperative pain).
Secondary outcome variables that were characterized by nominal data (e.g., complications) are summarized as the number patients in each category and the percentage of all the patients in that group that they represent. These variables were compared between the randomized groups using Pearson chi-square test or, when at least one of the cells of the contingency table had an expected n < 5, Fisher exact test (NCSS, USA). Variables that were characterized by ordinal data and non-normally distributed continuous data (e.g., postoperative analgesic requirements, level of pain, overall satisfaction, troponin I concentrations, and B-type natriuretic peptide concentrations) are summarized as median and interquartile range. These variables were compared between the randomized groups using the Mann-Whitney U test (StatsDirect, United Kingdom). Median differences and their 99% CIs were calculated where reported. Variables that were characterized by normally distributed continuous data are summarized as mean and SD. These variables were compared between the randomized groups using the unpaired t test (NCSS). The criterion for rejection of the null hypothesis was a two-tailed P < 0.05 for all between-group comparisons of secondary outcome variables, with that criterion corrected (Bonferroni) for comparing the randomized groups at multiple time points and for analyzing multiple secondary outcome variables (e.g., level of pain with coughing, overall satisfaction with pain management, opioid-related complications).
Results
A total of 164 patients were enrolled in this clinical trial. Eight patients were excluded before completion of ICU data collection (protocol violations [3] , surgery cancelled for a calcified aorta [1] , study drug unavailable at the start of surgery [2] , severe hypertension before study drug administration [1] , and patient death after ICU arrival [1] ). Therefore, perioperative data were available on 156 subjects. Patient characteristics are presented in table 1. Patients in the methadone and fentanyl groups did not differ strikingly in sex, age, weight, height, preexisting medical conditions, preoperative medications, baseline ejection fraction, or type of surgical procedure.
Intraoperative management of the two groups, including durations of anesthesia and CPB, administration of crystalloids and blood products, intraoperative arrhythmias and treatments, and use of vasoactive medication, did not differ (table 2) . Hemodynamic variables in the operating room and ICU did not differ at any measurement time, with the exception of a higher heart rate in the methadone group 10 min (73 vs. 66 beats/min) and 30 min (67 vs. 62 beats/min) post induction, as well as a higher MAP in the methadone group 10 min (84 vs. 77 mmHg) and 30 min (83 vs. 74 mmHg) post induction (all P < 0.001). Central temperatures, PaO 2 / FIO 2 (pressure of arterial oxygen/fractional inspired oxygen concentration) ratios, PaCO 2 (partial pressure of arterial carbon dioxide) values, and glucose concentrations in the operating room and ICU did not differ between the groups (data not shown). The times required to wean patients off ventilatory support (median times in the methadone and fentanyl groups Methadone in Cardiac Surgery were 4.75 and 4.5 h, respectively) and to achieve tracheal extubation (median times in the methadone and fentanyl groups were 6.5 and 6.0 h, respectively) were not found to be different between the two study groups (table 2) . The variables of the joint hypothesis are presented in table 3. Patients administered methadone intraoperatively had both decreased morphine requirements in the first 24 h after cardiac surgery and improved pain scores at 12 h after extubation compared with patients administered standard doses of intraoperative doses of fentanyl.
Postoperative analgesic data are presented in table 4. The time to first morphine rescue was significantly longer in the methadone group (median, 6.5 and interquartile range, 3.25 to 9.25 h) than it was in the fentanyl group (median, 3.75 and interquartile range, 1.5 to 5.75 h) (P < 0.001). The requirements for morphine during the first 24 h of the ICU admission were reduced in the methadone group compared with the fentanyl group (6 [4 to 12] mg vs. 10 [6 to 22] mg) (P < 0.001). Five patients received no morphine during this time and four of the five required no morphine during the hospitalization; all five patients were in the methadone group. In contrast, significantly more patients in the fentanyl group (29.1%) required ≥ 20 mg of morphine during the first 24 h than did those in the methadone group (2.6%) (P < 0.001). Total morphine use over the first 72 h was less in the methadone group (8 [4 to14 ] mg) than it was in the fentanyl group (14 [8 to 28] mg) (P < 0.001). The use of oral pain medication tablets (10-mg hydrocodone, 325-mg acetaminophen) did not differ between groups during any of the three 24-h postoperative periods. Analgesic requirements, reported here, as well as pain scores and patient satisfaction related to pain management, reported in the next paragraph, after the Data are median (interquartile range). Data were compared using the Mann-Whitney U test. Both P values met the criterion for rejection of the null hypothesis. These data are also included in tables 4 (morphine first 24 h) and 5 (level of pain with coughing 12 h) for the sake of completeness of those data. n = 77 in the methadone group for morphine first 24 h and 74 for level of pain with coughing 12 h. n = 79 in the fentanyl group. CI = confidence interval.
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first 24 h should be interpreted with caution because patient transition from intravenous morphine to oral hydrocodone/ acetaminophen may have affected these results. Pain scores (scale of 0 to 10) at rest were significantly less in the methadone group (medians 2 to 3) than they were in the fentanyl group (medians 3 to 5) (all P <0.001 to 0.002) during the first 72 h, with the exception of at 4 h (P = 0.012) (table 5) . Similarly, pain scores with coughing (medians 4 to 5 in the methadone group, medians 5 to 7 in the fentanyl group) were less in the methadone group throughout the first 3 postoperative days (all P < 0.001). Overall satisfaction with pain management, measured on a 101-point visual analog scale, was higher in the methadone group (medians 90 to 100) than in the fentanyl group (medians 70 to 90) (all P < 0.001 to 0.006) at all measurement times except at 12 h (P = 0.025) (table 5) .
Further recovery data are presented in tables 2 and 6. No differences between groups were observed in the incidences of opioid-related side effects during the first 72 h, including nausea, vomiting, itching, hypoventilation (<8 breaths/min), hypoxemia (SpO 2 < 90%), or level of sedation. No differences between groups were noted in time to first flatus and bowel movement. The median duration of ICU admission was 30.5 (interquartile range, 27 to 60) h in the methadone group and 47 (interquartile range, 27 to70) h in the fentanyl group (P = 0.452). The median duration of hospitalization was ≈7 days in both groups; the duration of hospitalization did not differ between the groups (P = 0.515). Complications observed in the postoperative period (respiratory, cardiac, neurologic, renal, or infective) did not differ between groups (table 7) . These assessments of recovery data should be interpreted with caution because the study was not powered to detect differences in these variables.
Serum markers for myocardial injury (troponin I) and function (B-type natriuretic peptide) in patients undergoing CABG surgery are presented in table 8. Although serum concentrations of each biomarker increased over time, no differences between groups were noted at ICU admission or at 12 and 24 h from anesthetic induction.
discussion
Pain is an under-recognized and under-treated problem in cardiac surgical patients. 9 Several analgesic strategies have been investigated in this patient population, including epidural or spinal anesthesia, infusions of local anesthetics in surgical incisions, and peripheral nerve blocks [23] [24] [25] [26] [27] [28] However, clinicians may be reluctant to use these techniques due to potential concerns, such as bleeding, nerve injury, or sternal wound infection. [23] [24] [25] [26] [27] [28] Traditionally, opioids are used to manage pain during the first 1 to 3 days after cardiac surgery. Intermittent administration of relatively short-acting opioids, such as morphine and hydromorphone, results in fluctuations in plasma concentrations, which may account for the relatively high pain scores reported in this patient population. In the current investigation, the authors found intraoperative methadone to be superior to fentanyl for patients undergoing cardiac surgery; patients in the methadone group had both decreased morphine requirements in the first 24 postoperative hours and improved pain scores 12 h after extubation compared with patients in the fentanyl group. Intravenous morphine requirements in the methadone group were reduced by 40% during the first 24 h after tracheal extubation when reported pain intensity is greatest. 2, 25 In patients randomized to receive methadone, the severity of postoperative pain was decreased by ≈30 to 40% and patient-perceived quality of pain management was significantly enhanced during the first 3 days after cardiac surgery.
Patients undergoing cardiac surgery usually receive an opioid with a short duration of effect in the operating room (e.g., fentanyl, sufentanil). During early emergence from anesthesia, patients may be unable to communicate any experiences of pain due to the presence of an endotracheal tube or residual neuromuscular block. 29 Upon awakening in discomfort, patients are 
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transitioned to longer-acting opioids, such as morphine, which have a slow onset of effect. 12 A potential alternative strategy of opioid management in the perioperative period is administration of a single dose of methadone at the start of surgery. Methadone has a rapid onset of effect that is comparable with that of fentanyl or sufentanil 12 and does not produce adverse hemodynamic effects when given in large doses. 30 When doses of ≥ 20 mg of methadone are administered, the duration of analgesic effect approximates its 35-h half-life. 12, 16 Therefore, a preoperative dose of methadone can provide analgesia throughout the surgical procedure, the period of intubation in the ICU, and the first postoperative day. 
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Only a few trials have studied methadone as an analgesic in surgical patients. In a series of small studies, Gourlay et al. 11, 15, 16 examined the use of methadone (20 to 30 mg) in patients undergoing general or orthopedic surgical procedures. Patients administered methadone required fewer doses of postoperative morphine, had longer median times until additional analgesics were requested (20 to 27 h), and reported low mean visual analog scale pain scores (1.5 on a scale of 10). Two more recent studies examined the efficacy of methadone in patients undergoing complex spine surgery. In adult patients given methadone or sufentanil intraoperatively, postoperative opioid requirements and pain scores were reduced by 50% at 48 h in those administered 0.2 mg/kg of methadone. 13 In a pharmacokinetic study of methadone in adolescents, methadone administration (in doses of 0.1, 0.2, or 0.3 mg/kg) did not dose dependently decrease pain scores or total opioid consumption. 14 However, children aged 3 to 7 yr undergoing major surgery randomized to receive 0.2 mg/ kg of methadone reported lower pain scores and required fewer supplemental analgesic drugs than those receiving 0.2 mg/kg of morphine. 31 Furthermore, in women undergoing hysterectomies, patients given methadone (0.25 mg/kg or 20 mg) reported significantly less pain and requested less analgesic medication than those administered morphine. 32, 33 No significant adverse events associated with methadone use were observed in any of the clinical trials. Although methadone appears to be an effective and safe analgesic agent, interpretation of the findings from previous studies is limited by the small size of the study samples (20 to 40 patients), 11, [13] [14] [15] [16] [31] [32] [33] lack of randomization 11, 14, 16 or blinding, 11, 13, 14, 16, 33 or absence of a control group. 11, 16 In the current investigation, intravenous morphine requirements during the first 24 h after surgery and total doses of postoperative morphine were reduced by ≈40% in patients randomized to receive methadone; this is consistent with the "opioid sparing" effect reported from a 0.2-mg/kg dose of intraoperative methadone. 13 Nearly one third of patients in the fentanyl group required high-dose morphine (≥20 mg) for pain control during the first 24 h, whereas high-dose treatment was needed in only 2.6% of subjects in the methadone group. Similarly, the five patients requiring no morphine 24 h postoperatively had all received methadone. The long half-life and extended duration of effect of methadone likely contributed to the decreased need for analgesic medication in these patients. Furthermore, methadone has NMDA receptor antagonist activity in vitro and in vivo. 34, 35 Activation of NMDA receptors has been implicated in the development of hyperalgesia, acute and chronic tolerance, and chronic pain states. 19, 34, 36 Methadone, via an inhibitory effect on the NMDA receptor, may prevent initiation of acute opioid tolerance and hyperalgesia, resulting in a decreased need for analgesics. 13, 19 In addition to reduced postoperative morphine requirements, patients in the methadone group reported lower pain scores during the first 3 postoperative days. The degree of postoperative pain in cardiac surgical patients may be influenced by age, sex, use of left internal mammary artery graft, and type of surgical procedure, 8, 10, 37 which were similar in the two study groups. Pain scores in the fentanyl group were comparable with those reported in other investigations using standard fast track cardiac anesthesia techniques. 2, 3, 25 In contrast, pain intensity at rest and with coughing was significantly less in the methadone group. Similar improvements in postoperative pain control have been reported in spinal and gynecologic surgical patients administered methadone at anesthetic induction. 13, 33 Overall satisfaction with pain management was excellent in the methadone group but was less in the fentanyl group at all assessment times, except at the 12-h evaluation.
Opioid-related adverse events did not differ between the methadone and fentanyl groups. Methadone use was not associated with clinically apparent respiratory depression; neither duration of tracheal intubation nor the number of postoperative hypoxemic and hypoventilation events differed between the two groups. The incidence of nausea and vomiting in the methadone and fentanyl cohorts were not different, nor were the times to first flatus and bowel movement. Level of sedation and pruritis also did not differ between groups in the postoperative period. At the time of hospital discharge, the incidences of respiratory, cardiac, renal, neurologic, or infective complications did not differ between groups.
Epidemiologic data suggest that long-term exposure to methadone is associated with a reduced incidence and severity of coronary artery disease. 38 Animal models have demonstrated that methadone has potent cardioprotective effects. Myocardial infarct size was significantly reduced, compared with placebo, when a dose of 0.3 mg/kg was given before a period of ischemia. 17 Methadone attenuated ischemic injury to the heart via binding to the δ-opioid receptor. 17 In contrast, fentanyl does not appear to confer myocardial protection at clinically relevant concentrations due to its lower affinity for the δ-opioid receptor. 39, 40 In the current investigation, the potential cardioprotective effects of methadone were assessed by measuring markers of myocardial injury (troponin concentrations) and cardiac function (serum B-type natriuretic Methadone in Cardiac Surgery peptide levels and hemodynamic measurements) during the intraoperative and postoperative periods. No differences in any of these variables were noted between groups. There are several potential explanations for the absence of a cardioprotective effect in the methadone group. If methadone can attenuate myocardial ischemia in humans, the dose needed to do so is unknown. Furthermore, in a rat model, cardioprotection induced by methadone was inhibited when the duration of ischemia extended beyond 45 min 17 ; the average duration of aortic cross clamping exceeded this threshold in both study groups. Finally, the relatively small number of patients undergoing only CABG procedures in the two groups and the relatively wide dispersion of the troponin I and B-type natriuretic peptide data limit our ability to detect a difference in these variables between groups if such a difference exists (i.e., power). For example, group sample sizes of 32 and 40 achieve only 24% power to detect the observed difference in troponin I at 12 h with a significance level (α) of 0.05 using a two-sided Mann-Whitney test.
There are several limitations to this investigation. First, although the dose of methadone used in the current study was both safe and effective, the optimal intraoperative dose of methadone was not determined. Second, assessments for pain and opioid-related complications were only performed for 72 h. Third, high-risk cardiac surgical patients were excluded from enrollment. Finally, the effect of methadone on long-term chronic pain has not been reported here, but is being examined in an ongoing study.
As noted in a recent editorial on cardiac anesthesia research, "... it is time to move away from trying to prove that anesthetic interventions will reduce morbidity and mortality and to focus on tangible benefits to patients… with outcomes primarily on patient well-being (safety parameters, pain and nausea, satisfaction)." 41 The administration of 0.3 mg/kg of methadone to cardiac surgical patients at induction of anesthesia resulted in significant reductions in analgesic requirements, improvements in pain scores, and enhanced patient-perceived quality of pain management for 72 h after tracheal extubation. No adverse events related to methadone administration were observed.
